I. INTRODUCTION
Intensive farming practices during the past 20 years have reduced drastically the quantity and the quality of habitat types suitable for wildlife species (Labisky, 1976 ; Vance, 1976) . In addition, intensive cashgrain farming has resulted in patches of habitat that are isolated by extensive areas of field-crop monocultures (Gottfried, 1979 ; Wegner & Merriam, 1979) . This habitat fragmentation exerts a strong influence on behavioral and physiological states of individuals (Wiens, 1976) and increases the likelihood of local extinction of populations inhabiting these patches (Simberloff, 1974) .
The eastern cottontail, Sylvilagus jloridanus, is common to agricultural areas in the midwestern United States (Evans & Probasco, 1977) . This species typically is regarded as a habitat generalist; Lord (1963) concluded that cottontails thrive on mosaic patterns of divergent habitat types. Previous studies have reported S. jloridanus use of woodlots (Trent & Rongstad, 1974) , fencerows (Linder & Hendrickson, 1956 ), roadsides (Kline, 1965 ; Bigham, 1970) , cultivated fields (Friley, 1955 ; Trent & Rongstad, 1974) , windbreaks and shelterbelts (Hendrickson, 1947 ; Podoll, 1979) , waste areas (Allen, 1949 ; Friley, 1955) , and hedgerows (Kabat & Thompson, 1963) . Although the investigations above depict general habitat use and preferences, they lack quantification and/or fail to reflect the impact on S. jloridanus of extreme habitat fragmentation caused by modern agricultural practices. Further, because of sharp declines in the central United States' cottontail population (Schwartz, 1973) , a quantitative examination of S. jloridanus habitat use in an intensively-farmed area is necessary. Consequently, primary objectives of the present study were to identify differential use of habitat types and to quantify biotic and abiotic features influencing habitat use by cottontails. Determination of features associated with cottontail use of fragmented habitat will assist landowners interested in maintaining healthy, viable populations.
II. STUDY AREA
The study was conducted on the University of Minnesota's Rosemount Agricultural Experiment Station, Dakota County, Minnesota, USA, from July to November 1979 and 1980. Land-use practices and habitat types at Rosemount were characteristic of intensively-farmed areas in southern Minnesota. Hunting is not permitted at the Station.
Three habitat types were investigated: shelterbelts, waste areas, and fencerows/ roadsides. These 3 habitat types are commonly-occurring, permanent vegetative areas available to cottontails in many agricultural regions of the central United States. Shelterbelts are multi-row plantings of trees and shrubs providing protection for farm buildings and livestock by reducing wind velocity and snow drifting when positioned in northerly and westerly directions (Smith and Scholten, 1980) . In the present study, waste areas are defined as idle land not used for pasture or cultivation due to soil characteristics and/or topography; such areas are useless only with respect to agricultural production. Fencerows/roadsides are designated as strips of vegetation either adjoining fenced borders of fields or parallel and adjacent to secondary roads.
Five shelterbelts (S1-S5), 3 waste areas (W1-W3), and 5 fencerows/roadsides (F1-F5) were selected as study sites (Fig. 1 ). These 13 sites were chosen because their plant species composition, size, and proximity to cultivated fields and other human activity correspond with those typically encountered throughout the region. 
Field Techniques
Collapsible live traps (Tomahawk Live Trap Co., 23X23X66 cm) were placed at 50-m intervals along medial transects positioned parallel to the major axis of each study site; position of the initial trap in a transect was selected randomly. Numbers of traps per habitat type were 40, 15, and 20 in shelterbelt, waste area, and fencerow/roadside, respectively. Traps were wrapped with heavy-duty roofing paper and bound with wire to minimize stress induced by capture, predators, and exposure (Fitzsimmons, 1978) .
Trapping sessions were conducted weekly for 4 consecutive days from 12 July to 9 November 1979 and from 16 July to 31 October 1980. Traps were inspected daily during each session and were closed between sessions. Ears of cottontails were marked with numbered tags and brightly-colored discs (National Band & Tag Co.) at initial capture to facilitate field identification of individuals. Data recorded for each capture included location of trap station, number and color code of ear tags, sex, and reproductive status. In addition, body weight and length of hind foot, ear, and total body were measured to assess individual growth rate and physical condition (Bailey, 1968 ).
Measurement of Population Attributes
Age-and sex-class structure of S. floridanus populations from each habitat type were calculated for both 1979 and 1980. Individuals weighing less than 1050 g were classified as juveniles, and animals weighing greater than 1300 g were considered adults. These age classes were derived from growth curves established for Illinois cottontails and represent conservative estimates (Lord 1963) . Ages of animals intermediate in weight (1050-1300 g) could not be accurately determined and were designated as "unaged" (modified from Bailey, 1969) . Population density for each year and in each habitat type was determined using a conservative, nonparametric estimate derived by Overton (1971) ; this estimate is useful for populations containing individuals with low and/or unequal capture probabilities (Overton, 1971; Zarnoch, 1979) .
Physical condition of individuals was assessed using a condition index (CI) derived from a regression of body weight on total length (Bailey, 1968) . This index enables comparisons of samples with differing age structures and may be expressed as CI=W/L 3 , where W represents weight (g) and L is total length (dm) (Chapman et al., 1977) . Cottontails typically experience weight losses following capture, and these losses may persist for 10 days (Bailey, 1968) ; consequently CI values for individuals recaptured before expiration of this 10-day period were excluded from analyses. CI values were compared among the 3 habitat types using either single-classification analyses of variance (Sokal & Rohlf, 1969) or KruskalWallis tests (Conover, 1971 ).
Habitat Quantification
Biotic and abiotic habitat features around each trap station were measured in July and August 1980. Three sampling units were centered on each trap, including a 1.0-m 2 circle, 2 perpendicular 30-m 2 arm-length transects, and a 15-m radius circular plot (modified from Dueser & Shugart, 1978) . Proximity and areal extent of land-use practices within a 71-m radius (1.6 ha) of each station were estimated from on-site observations and digitized aerial photographs. The 1.6 ha circle was chosen because it approximates summer-fall home ranges sizes of S. floridanus reported in the literature {e.g., Trent & Rongstad, 1974 Table 1 Description of biotic and abiotic features and associated sampling procedures employed to assess habitat use by cottontail rabbits at the Rosemount Agricultural Experiment Station, Dakota County, Minnesota, USA (several variables modified from Dueser and Shugart, 1978) .
Acronym Definition and Sampling Method
ART AREA Mean area per artificial cover site (e.g., abandoned sheds, junkpiles) with a trap-centered 15-m radius 
Analysis of Habitat Use
Differences in the relative proportion of traps used among the 3 habitat types were evaluated using contingency tables cross-classified by habitat type and number of successful and unsuccessful traps. Analyses were conducted for each age class (juvenile, unaged, and adult), sex class, year, and before and after hardest of field crops proximal to trap stations.
A residency index was calculated for each habitat type to determine the relative proportion of resident individuals per unit area of habitat. A ¡resident in this study was defined as an individual occupying a given study site for at least 2 consecutive weeks, based on capture records and observations. We express this index as
where X t represent the proportion of all resident individuals occupying habitat type i, and Y{ represents the proportional of total area that is comprised of habitat type i. An RI value of 0 indicates that the proportion of resident individuals in the ith habitat type equals the proportion of total habitat comprised of type i. A positive RI value suggests that more individuals than expected are residents of habitat type i, based on the relative availability of habitat type i; the converse is true for negative RI values.
Successful and unsuccessful trapping stations were analyzed by stepwise discriminant analysis (BMDP7M; Dixon & Brown, 1979) for each age class, sex class, year, and before and after qrop harvest, resulting in 19 analyses of 2 groups (successful and unsuccessful stations). Square root transformations were used to stabilize variances (Chatterjee & Price, 1977) for each 2-group, 10-variable (Table 1) data set prior to analysis. An F-value of 4.0 was used for determining variable entry and removal in the stepping process. Rao's F (Rao, 1973) was computed to test for discriminating ability of the discriminant functions; in addition, canonical values of group means, canonical coefficients of the selected habitat variables, and F-to-enter values for these habitat variables were calculated.
Based on the 10 habitat features per trap location (Table 1) , stepwise discriminant analysis again was used to test for segregation in habitat use among age classes,, between sex classes and years, and before and after harvest. Only trap stations capturing cottontails were considered in these analyses.
IV. RESULTS
Population Attributes
A total of 7834 trap nights resulted in 114 captures of 71 individuals. Recapture rates did not differ between juveniles and adults (P>0.10) The overall sex ratio of 1.09 males : 1.00 females was not significantly different from a balanced ratio (P>0.20). Age structure was also similar between years (P>0.20), with juveniles comprising 75.9°/o of the knownage population. Capture rate per trap night was 2.32°/o in 1979 and 0.86% in 1980. Population densities estimated from July through October for all study sites combined declined from 7.8 individuals/ha in 1979 to 3.5 individuals/ha in 1980. Food availability presumably was not a determinant in differential trap success among habitat types, because the proportion of bait eaten (<50°/o or >50%) was similar among habitat types (P>0.10) and did not change in response to crop harvest (P>0.50). Likewise, wrapping traps with roofing paper did not appear to alter trap responses of S. jloridanus (Swihart, 1981) .
Mean 
Use of Habitat Types
Arbitrary classification of habitat types as shelterbelts, waste areas, and fencerows/roadsides is meaningless unless these classifications reflect actual differences in habitat features. Consequently, validity of this habitat categorization was tested using stepwise discriminant analysis. Trap stations were grouped according to habitat type, and discriminatory ability of the transformed habitat variables measured at each station (Table 1) DIS, and CONIFER each contributed significantly (P<0.05) to the power of the discriminant functions (Rao's F = 37.90, df = 10.136 ; P<0.01). DF1 discriminates between traps occurring in shelterbelts versus those occurring in waste areas or fencerows/roadsides (Fig. 2) . All shelterbelts in this study contained conifers and relatively dense concentrations of shoulder-high woody vegetation and stumps (Table 2 ) ; in addition, shelterbelts, because of their proximity to farmsteads, were more isolated from cultivated land than waste areas or fencerows/roadsides (Table  2 ). DF2 segregates waste area and fencerow/roadside trap stations based on isolation from cultivated land and proximity to shrubs and stumps ( Table 2 , Fig. 2 ). The paucity of overstory vegetation in waste areas as well as the proximity of fencerows/roadsides to wooded sites {e.g., shelterbelts) explains the lower mean value of STUMPDIS for waste areas versus fencerows/roadsides ( Table 2) . Table 2 Mean (x) ± standard error (SE) for untransformed habitat variables used to classify trap stations in shelterbelts (N=40), waste areas (N = 15), and fencerows/roadsides (N=20) via stepwise discriminant analysis. Table 1 for an explanation of variable acronyms.
Cottontails were captured at 59°/«l of all trap stations and in all 3 habitat types. Comparisons of the proportion of used versus unused trap stations indicated differential use among habitat types in 1979 and nearly significant differences in 1980 (Table 3) . Moreover, trends in S. jloridanus use were similar for both years ; namely, proportionately more traps in shelterbelts and waste areas captured S. jloridanus than in fencerows/roadsides. Juveniles used traps in all habitat types in similar proportions, but unaged animals used a significantly larger proportion of traps in shelterbelts and waste areas than in fencerows/roadsides. Divergent use by adults approached significance, and extent of use was greatest in shelterbelts and least in fencerows/roadsides. Males used a higher proportion of traps in both shelterbelts and waste areas than in fencerows/roadsides, whereas females used similar proportions of traps in all 3 habitat types (Table 3) .
Population densities (individuals/ha) for 1979 versus 1980 dropped from 10.1 to 1.8 in waste areas (82% decrease), from 3.7 to 1.1 in fencerows/roadsides (70% decrease), and from 11.5 to 9.0 in shelterbelts (22% decrease). Hence, all habitat types exhibited population declines, but severest losses apparently were incurred in waste areas and fencerows/roadsides.
Mean CI values differed among the 3 habitat types (P<0.05), but a posteriori pairwise comparison failed to identify the nature of this difference. Although not significant, 95% confidence intervals for paired comparisons indicated the following order of mean CI values : shelterbelt>fencerow/roadside>waste area. RI values were 0.48, 0.03, and -1.87 for shelterbelts, waste areas, and fencerows/roadsides, respectively. Table 3 Pearson's x l test for homogeneous proportions of habitat type X trap success/failure for each year, age class, sex class, and before and after harvest.
Classification
Criteria X To determine the impact of crop harvesting on S. floridanus use of habitat types, the proportion of used and unused trap stations in each habitat type was compared for differences before and after harvest of adjacent field crops. No difference in relative use of habitat types existed prior to harvest, but a greater proportion of shelterbelt and waste area traps captured cottontails after harvest compared to traps in fencerows/roadsides (Table 3) . Furthermore, mean post-harvest probability of capture increased significantly from pre-harvest levels for shelterbelts (0.56% to 2.99%, P<0.001) and waste ares (0.38% to 2.13%, PC0.005), but not for fencerows/roadsides (0.42% to 0.83%, P>0.75). No shifts in age-class structure or sex ratio occurred in any habitat type as a result of crop harvest (P>0.10 in all instances).
Features Influencing Habitat Use
In 9 separate analyses, stepwise discrimination identified habitat variables significantly influencing S. jloridanus habitat use (Table 4) . WOODVEG segregated use and unused trap stations for females, whereas Table 4 Stepwise discriminant analysis performed on 2 groups (successful and unsucessful trap stations) using transformed habitat variables measured at each trap station. A separate analysis was performed for each year, age class, sex class, and before and after harvest.
Canonical Values
Analysis Table 1 for an explanation of acronyms.
2 S=Successful traps; U=Unsuccessful traps. * P<0.05, ** P<0.01 WOODVEG, STUMPDIS, and ART AREA combined to explain trap station use by males. Juvenile trap use was significantly influenced by WOODVEG ; also, ART AREA was nearly significant in contributing to separation of trap stations (0.05<P<0.10). WOODVEG affected trap use by unaged individuals, but differential use of trap stations by adults was explained using GRASS> 2. Mean values of WOODVEG differed significantly between groups in 1979, and WOODVEG and ART AREA were responsible for group separation in 1980. Finally, both pre-harvest and post-harvest trap station use were significantly influenced by WOODVEG. In all 9 analyses, mean values were larger for the successful group of trap stations than for. the unsuccessful group (Table 5) .
No habitat segregation was evident between males and females based on the 10 variables used .in stepwise discriminant analysis, although ART ARE A approached significance (0.05<P<0!0). Likewise, no signi-ficant (a -0.05) differences in habitat use-existed among age classes between years, or before and after harvest. 1 Variables are arranged in order of entry into the discriminant functions; see Table 1 for an explanation of variable acronyms.;
. .
V.. DISCUSSION

Habitat Features
The importance of woody vegetation to cottontails is evident (Table 4) . WOODVEG characterizes Picea, young Pinus, and shrubby plant species, such as L. tatarica, Caragana, and Sctmbucus pubens in shelterbelts and U. pumila in waste areas. Trap stations exhibiting large WOODVEG values often were surrounded by an abundance of Rubus canes in addition to the above-mentioned species. Numerous studies have demonstrated the importance of conifers and shrubby vegetation as escape cover (e.g., Linder & Hendrickson, 1956; Bigham, 1970) and winter food (Sweetman, 1949; Fitzsimmons, 1978) : Because cottontails rely on the features represented by WOODVEG throughout the year (Chapman, 1947) , WOODVEG may justifiably be termed an essential habitat component (Podoll, 1979) . In addition, habitat use by males is influenced by STUMPDIS and ART ARE A (Tables 4 & 5 ). The avoidance of stumps by males cannot be explained, but Bigham (1970) , Trent & Rongstad (1974) , and Smith & Kirkpatrick (1974) noted the value of artificial cover to S. jloridanus for shelter and predator evasion. Discriminant analysis failed to disclose ART AREA as a feature influencing habitat use by females, yet Smith & Kirkpatrick (1974) documented female dominance in use of artificial dens. If females use artificial cover sites extensively, reduced success in capturing females may result for traps proximal to artificial sites due to a decreased reliance on these traps for shelter (Huber, 1962) . Juvenile and unaged segments of the population concentrated use in areas characterized by vegetation with high WOODVEG values, but adult habitat use was influenced by GRASS> 2 (Tables 4 & 5 ). Mowing of grassy areas encourages increased plant production and improved visibility for predator detection, thus creating important feeding centers for S. jloridanus (Lord, 1963 ; Korschgen, 1980) . Moreover, pregnant females prefer to construct nests in grassy areas (Linder & Hendrickson, 1956 ). The lack of WOODVEG as a significant determinant of habitat use by adults (Table 4) should not be interpreted as indicating that this habitat feature is biologically unimportant to adults. The majority of frequently-mowed areas at the Station consists of farmstead lawns adjacent to farmstead stelterbelts. These shelterbelts contain conifers and shrubby vegetation contributing to large WOODVEG values at trap stations.
Optimal habitats generally are the only sites used by individuals when population densities are low (Keith & Windberg, 1978 ; Partridge, 1978) . Hence, essential habitat features that indicate plausible environmental factors determining usé of optimal habitat by S. jloridanus may be apparent only when habitat use is compared between periods of high and low density. Therefore, the addition of ART AREA as an influential habitat feature in 1980 (Table 4) , coinciding with a 55'°/o decline in population levels from the previous year, suggests that artificial cover is of paramount importance to cottontails as potential shelter from predators and inclement weather. Abandoned sheds and junkpiles proximal to or within shelterbelts commonly concealed striped skunk (Mephitis mephitis) dens and woodchuck (Marmota monax) burrows that were used by S. jloridanus. Captured cottontails frequently ran directly to artificial cover upon release.
Use of Habitat Types
Shelterbelts exhibited the largest mean values of WOODVEG and ART AREA (22.5 and 7.7), followed in descending order by waste areas (4.5 and 0.3) and fencerows/roadsides (0.7 and 0.3). This progression suggests that shelterbelts represent the most preferred habitat type, whereas fencerows/roadsides were least important. Moreover, a greater proportion of trap stations in shelterbelts and waste areas were used relative to fencerows/roadsides in 1979 (Table 3) , and the same pattern was evident (although not statistically significant) in 1980.
The relative suitability of a habitat type for S. floridanus may be inferred in several ways. First, populations in superior habitat types typically do not experience drastic oscillations in density over a multiyear period (Keith & Windberg, 1978) . Consequently, monitoring population fluctuations over time is one method for assessing suitability of a habitat type. The sharp decreases in population densities of waste area and fencerow/roadside habitat types from 1979 to 1980 did not occur in shelterbelts. Population levels in shelterbelts did drop from 11.5 to 9.0 individuals/ha, but this reduced density was still quite high compared to other studies (cf. Fitzsimmons, 1978 ; Chapman et al., 1980) . Second, relative use of habitat types by residents may offer insight regarding the differential worth of habitat types. RI values indicated that more cottontails than expected were likely to establish residency in shelterbelts, whereas animals captured in fencerow/roadside habitat were generally transients and/or used the habitat on a temporary basis in conjunction with a contiguous shelterbelt. Residents occupied waste areas in approximately equal proportion to the availability of this habitat type. Third, physical condition of individuals may provide an index to habitat suitability. For instance, Chapman et al. (1977) discovered that harsh environments produced cottontails with lower CI values than individuals in mild environments. In the current study, mean CI values suggested better physical condition of cottontails in shelterbelts than in fencerows/roadsides, and better condition of individuals in fencerows/ roadsides than in waste areas. Poor physical condition in waste areas may be a function of soil infertility and its concomitant negative effect on forage quality in this habitat type (cf. Crawford, 1950) .
Juveniles used comparable proportions of trap stations in each of the 3 habitat types (Table 3) , but the extent of their fencerow/roadside use may be overestimated if individuals were captured while dispersing from natal sites located either in this herbaceous habitat type or in adjacent fields. Adults used a greater proportion of trap stations in shelterbelts compared to fencerows/roadsides, but this is not surprising given the influence of GRASS>2 on adult habitat use (Table 4 ) and the proximity of shelterbelts to mowed lawns. Females were rather indiscriminant in their use of habitat types, but males rarely occurred in fencerows/roadsides relative to shelterbelts and waste areas (Table 3) .
Effect of Crop Harvest on Habitat Use
Woody vegetation significantly influenced habitat use both before and after harvest (Table 4) . Cottontails appeared less dependent on woody vegetation prior to harvest, for they used similar proportions of trap stations in each habitat type (Table 3) . Following harvest, however, proportionately more trap stations were used in the 2 habitat types containing woody vegetation, shelterbelts and waste areas, than in fencerows/roadsides (Table 3) , and an increase in intensity of use was indicated by significantly higher probabilities of capture in the wooded habitat types. A portion of this increase may be due to increased fall population levels (Schwartz, 1941) , but movements of animals into wooded sites from harvested fields increased capture rates substantially. Home range shifts triggered by harvesting activities do occur, and displaced cottontails create population concentrations during autumn and winter by relocating in adjacent wooded habitat (Anderson & Pelton, 1976) .
Reliance by S. jloridanus on woody vegetation, and to a lesser extent artificial cover, suggests that a non-wooded habitat type with little artificial cover would be unsuitable for permanent occupancy by this species in a modern agro-ecosystem. Fencerow/roadside is such a habitat type. Fencerows/roadsides are unfit for long-term use, as evidenced by an RI value of -1.86, and probably are useful primarily as feeding sites during the growing season (Bigham, 1970) . The value of fencerows/roadsides may be enhanced if located proximal to shelterbelts. For example, movements between shelterbelts and nearby fencerows/roadsides accounted for 13.7% of all trap-revealed movements in the present study. Wegner & Merriam (1979) concluded that fencerows adjacent to insular woodlots function as habitat corridors for birds and small mammals, thereby reducing the isolating effect induced by surrounding farmland.
In summary, the present study elucidates the relative superiority of shelterbelts versus waste areas and fencerows/roadsides as suitable habitat for S. floridanus. Further, our findings emphasize the value of shrubby vegetation and artificial cover in maintaining viable populations of this important game species in agricultural areas.
